Introduction: While some studies have suggested associations between shift work and obesity, few have been population-based or considered multiple shift schedules. Since obesity is linked with several chronic health conditions, understanding which types of shift work influence obesity is important and additional work with more detailed exposure assessment of shift work is warranted.
Highlights
• We examined the relationship between having worked at a job that included night shift work (evening/night, rotating or other shift schedules) and overweight and obesity in men living in northeastern Ontario.
• Men who had ever been employed in rotating shift work were more likely to be overweight or obese, and similar findings were suggested for men who had ever been employed in jobs involving evening/ night shift work.
• We observed a significant trend of increasing risk of overweight and obesity with increasing duration of rotating shift work.
• Since obesity is linked with several chronic health conditions, understanding which types of shift work are specifically associated with obesity is important to the development of workplace policies that are best for workers' health.
have been conducted in specific workplace settings, primarily restricted to individuals employed in single industries, 7, 8, [10] [11] [12] [13] [14] [15] 17, 19, 20, 23, 24, 26, 27 with only a few population-based studies, especially among men. 4, 18 As a result, assessment of shift work exposure has been limited, with most studies examining only one specific shift schedule or pattern. 4, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] 
Introduction
Shift work has been identified as a risk factor for a number of chronic health conditions in which obesity is thought to play a role. [1] [2] [3] [4] [5] [6] Specifically, increased risk of cardiovascular disease, 1 type II diabetes, 2, 3 metabolic syndrome 4, 5 and cancer 6 have been noted among shift workers.
Cross-sectional, (4, (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) cohort [18] [19] [20] [21] [22] [23] and longitudinal [24] [25] [26] studies have evaluated links between shift work and obesity. Some found an increased risk of obesity 4, 7, [13] [14] [15] [17] [18] [19] [20] 23, 26 or weight gain 9 among shift workers, while others found no association, [8] [9] [10] [11] [12] 16, 24, 25 results which appeared to be independent of study design. Most previous studies of shift work and obesity Furthermore, while most studies used day-only workers as a referent group, 4, [7] [8] [9] [10] [11] [12] [13] [14] [15] 17, [19] [20] [21] [22] [23] 25, 27 others simply compared the effects of different shift schedules to one another without a truly "unexposed" group. 16, 24, 26 A need for studies with a more detailed assessment of shift work (e.g. type of shifts worked and cumulative number of years in shift work jobs) has been identified. 28 This population-based study of over 1500 men in northeastern Ontario, Canada, improves upon previous work in several ways. Specifically, it uses a detailed assessment of shift work including jobs across multiple industries with both rotating and permanent shift patterns to evaluate the relationship between shift work history and obesity among men.
Methods

Study sample
We conducted an analysis of data provided by controls who had previously participated in a prostate cancer case-control study. The original study was conducted in northeastern Ontario from 1995 to 1999 29, 30 and examined associations of occupational and other factors with prostate cancer risk. Study controls were men aged 45 to 84 years, with no history of prostate cancer, randomly selected from residential telephone listings in northeastern Ontario. 29, 30 Controls were asked to complete a mailed questionnaire, which collected information concerning a number of personal characteristics, and served as the data source for this analysis. As previously described, the response rate for controls in this study was 47.5%, 29 
Shift work assessment
An occupational history was included in the study questionnaire. The men were asked to report all of the jobs they had held over their lifetime. Participants reported the age at which they started and ended each job, in order to calculate duration of employment for each job. Men also reported the type of work schedule (i.e. day-only, evening/night shifts, rotating shifts or other) for each job listed to characterize the history of their shift work. Shift work was characterized as ever having worked in evening/night, rotating or other types of shift work individually ("ever shift workers"). We estimated lifetime duration of rotating shift work by adding the number of years spent in rotating shifts across all jobs, with duration of work in part-time jobs divided in half.
Obesity assessment
Obesity was assessed using body mass index (BMI; kg/m 2 ), with participants asked to self-report their height and weight five years prior to completion of the questionnaire, as well as their height in their early thirties and weight in their early thirties and fifties. BMI five years prior to study participation was estimated, as these data were originally collected for a prostate cancer case-control study, 29 in which BMI prior to cancer development among case-patients was of interest to researchers. In order to ensure data from controls was comparable to case-patients, we also assessed BMI five years prior to study participation for all controls and the controls were used in the current analysis. As such, BMIs for the time frame five years prior to study participation were used to characterize obesity in this study. Men with a BMI of less than 25 were categorized as normal weight; a BMI of 25 to less than 30 was characterized as overweight and a BMI greater than or equal to 30 as obese. 31 To reduce missing BMI data, if height five years prior to the study was missing, height in early thirties was used, if available. For men whose weight five years prior to the study was missing, weight in early fifties was used for men aged 50 to 59. (Men of other age groups whose weight was missing were excluded as there was no acceptable substitute. Men had to be at least 45 years of age to enrol in the study, and as such their weight in their early thirties was not an acceptable substitute for weight five years prior to the study.) This alternative BMI calculation was used for a total of 51 (11%) normal weight individuals, 104 (12%) overweight individuals and 34 (14%) obese participants. Sixty-one men were missing height or weight information and could not have their BMI classified.
Assessment of potential confounders
Potential confounders of the shift workobesity relationship were age, marital status, socioeconomic status, physical activity, total energy intake (diet) and smoking status. 28 We used education and family income to capture aspects of socioeconomic status. We used general activity and occupational activity variables to characterize physical activity. For general physical activity, men reported the number of times per month they engaged in at least 20 minutes of both strenuous and moderate-intensity physical activity during four lifetime periods (teens, thirties, fifties, and five years before the study). Participants reported strenuous and moderate-intensity physical activity in separate questions, with examples of each type of activity provided. We created a physical activity index by summing the number of times men reported engaging in moderateand vigorous-intensity activities across each of the four lifetime periods. We then created quartiles of the physical activity index, with higher values representing individuals who were more active over their lifetime.
To assess occupational physical activity, men were asked to report the usual type of activity undertaken in their job using one of four categories (sitting, light, moderate or strenuous activity), again during four lifetime periods (early twenties, early thirties, early fifties and five years prior to the study). We categorized occupational activity by the number of age periods during which men reported engaging in moderate or strenuous occupational activity: none, one, two, three or four time periods. We assessed diet two years prior to study participation using information collected in the full dietary history included in the study questionnaire, from which total energy intake was estimated in a previous analysis. 30 Total energy intake was characterized both continuously and in quartiles. We defined smoking status by history of ever having smoked filtered or nonfiltered cigarettes; men were characterized as never, former or current smokers.
Statistical analysis
We described characteristics of men classified as normal, overweight and obese using means and standard deviations for continuous variables and percentages for categorical variables. We also stratified descriptive characteristics by history of ever having been employed in shift work. To characterize the type of work being done by individuals in this population employed in jobs involving shift work, we described the work environment for each job reported for each of day, evening/ night, rotating and other types of shift work.
We estimated odds ratios (ORs) and 95% confidence intervals (CIs) for associations between shift work and overweight and obesity using multivariate polytomous logistic regression, using the normal weight group as a referent. 32 The association between ever having engaged in shift work and obesity was explored using three characterizations of ever shift work in separate statistical models. Specifically, we examined ever having performed permanent evening/night shifts, rotating shifts or other types of shift. We were only able to examine the impact of duration of shift work on rotating shift workers, since there was insufficient statistical power for the permanent evening/night shift workers. We categorized duration of shift work in three groups (> 0-14 years, 15-29 years and ≥ 30 years) to distinguish short-, medium-and long-term shift workers. These categories have been previously used in associations between shift work and cancer. [33] [34] [35] [36] We selected confounders using a directed acyclic graph. Directed acyclic graphs (DAGs) are causal diagrams that illustrate the direction of relationships between variables of interest and other unknown confounders. They have been suggested as an alternative to traditional epidemiological methods of confounder identification 37 as they explicitly display and facilitate the causal-inference process. 38 Specifically, in contrast to statistically driven methods of model building, DAGs focus on the theoretical causal relationships between variables when identifying potential confounders. 37 They are used in epidemiology to identify a confounder set (minimally sufficient set) that will control for potential confounding between an exposure and an outcome, given the hypothesized causal relationships. 37 We used DAGitty software 39, * to create a DAG and identify a minimally sufficient adjustment set for the association between shift work and overweight and obesity. The DAG is shown in Figure 1 ; we identified a minimally sufficient adjustment set that included age and socioeconomic status, the latter as determined by education and family income, and adjusted all multivariate models for these variables. We conducted all analyses using SAS, Version 9.2 (SAS Institute Inc., Cary, NC, USA).
Results
The proportion of men with a history of ever having been employed in any type of shift work ("ever shift workers") who had a post-secondary or post-graduate education was lower than among those who had never been employed in any type of shift work ("never shift workers"). Similarly, a greater proportion of "ever" than "never" shift workers were also in the bottom two family income categories; were current or former smokers; and had been employed in occupations that involved moderate or strenuous physical activity during three or four lifetime periods (Table 1) .
When comparing across the categories of obesity status, a greater proportion of normal weight individuals reported having obtained a post-secondary or postgraduate education (25%) compared to overweight (19%) or obese (16%) men. Furthermore, a greater proportion of men in the overweight or obese categories reported having held jobs involving moderate or strenuous physical activity in three or four lifetime periods (overweight, 49%; obese, 48%) compared to normal weight individuals (43%). Conversely, while the proportion of men in the top two quartiles of recreational activity was similar for normal (54%) and overweight (53%) men, the proportion was slightly lower among individuals who were obese (47%). There were no major differences in total energy consumption, with 41% of individuals in the normal and overweight groups in the top two consumption quartiles compared to 44% of men in the obese group (Table 1) .
The frequencies of different shift types across ten categories of work environment are shown in Table 2 . Evening/night work was the least commonly reported shift schedule; restaurant/hotel work was reported by the highest proportion (11%) of men for this shift type. Rotating shift patterns were more common; for this shift type, mine (63%), factory/plant floor (49%), and laboratory work (26%) had the highest proportion of rotating shifts. Other shift schedules were most common in restaurant/hotel (37%) or vehicle work (22%).
Following the exclusion of 61 men for missing BMI information, a total of 1561 men were included in the multivariate analysis. Rotating shift work was associated with both overweight (OR = 1.34; 95% CI: 1.05-1.73) and obesity (OR = 1.57, 95% CI: 1.12-2.21). In addition, although not statistically significant, odds ratios for both overweight (OR = 1.12, 95% CI: 0.70-1.79) and obese (OR = 1.31, 95% CI: 0.71-2.39) relative to normal weight individuals were elevated for evening/ night shift work (Table 3 ). There was no association between other shift work patterns and obesity. While odds ratios were generally higher in the obese compared to the overweight group, tests for trend across categories were not significant (data not shown).
Duration of employment in rotating shift work was characterized according to one of four categories: none, > 0 to 14 years, 15 to 29 years and 30 or more years. We observed a significant association between 30 or more years of rotating shift work and being obese (OR = 1.86, 95% CI: 1.16-2.96). Odds ratios with obesity were elevated for > 0 to 14 and 15 to 29 years of rotating shift work and for all three duration categories and overweight (Table  4) . For both the overweight (p = .03) and obese (p = .008) groups, we observed a significant trend across shift work duration categories.
We performed a sensitivity analysis excluding all men whose BMI was calculated using either their height in their early thirties or weight during their fifties (n = 189 individuals). These findings were very similar to those seen in the full dataset (data not shown) both for ever shift work and for duration of shift work for both evening/night and rotating shift types.
Discussion
In this study of over 1500 men, we found evidence that rotating shift work is associated with an increased risk of being overweight or obese. Permanent evening/night shift work was also associated with an increased risk, although these results were not statistically significant. Previous studies
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Research of shift work and obesity have primarily been conducted in the context of single workplaces or industries, and few have directly compared the impact of permanent and rotating shift patterns within a single study population, as was done here. Most existing studies of shift work and obesity have focussed on rotating shift patterns and, similar to our results, demonstrated significant positive associations between shift work and obesity, 7, 17, 19, 20, 22, 27 although some studies have not supported this pattern. 10, 21 Furthermore, few studies have specifically considered the effects of permanent night work. One cross-sectional study linked permanent late-night shift work with weight gain among nurses and security personnel, 9 while permanent night shifts were associated with a higher prevalence of obesity among both poultry plant workers 14 and women working in a semiconductor manufacturing factory. 15 We observed a trend of increasing risk of both overweight and obesity with increasing duration of rotating shift work. While odds ratios were elevated for all shift work durations, the association was strongest and statistically significant for 30 or more years of rotating shift work and obesity. Few earlier studies have considered duration of shift work in evaluating relationships with obesity. Among women participating in the Million Women Study, a trend of increasing obesity by duration of shift work was observed. 18 Duration of shift work was also identified as a predictor of BMI among oil and gas workers 8 and waist-hip ratio among female hospital nurses and male factory workers. 16 In a study using a categorical definition of duration similar to ours, a positive relationship with waist-hip ratio was seen for 2 to 5 years and 5 or more years of shift work, and for BMI after 5 years among male shift workers. 22 However, not all studies have shown positive associations with obesity, as another cross-sectional study of men aged 35 to 60 years found no impact of shift work duration. 7 As in our analysis, these existing studies examined the influence of shift work duration on obesity cross-sectionally 7, 8, 16, 18, 22 and were unable to definitively establish a temporal relationship between shift work and obesity.
Associations between duration of shift work and obesity are of interest as obesity is a potential intermediate between shift e Total number of hours that men reported engaging in moderate-or vigorous-intensity physical activity during four lifetime periods (teens, thirties, fifties and 5 years prior to the study).
f Intensity of occupational activity reported in four time periods (respondents' twenties, thirties and fifties, and 5 years prior to the study). Those reporting any moderate or strenuous occupational activity were classified in four categories: Category 1 = moderate/strenuous activity in 1 time period, Category 2 = moderate/strenuous activity in 2 time periods, Category 3 = moderate/strenuous activity in 3 time periods, Category 4 = moderate/strenuous activity in 4 time periods. (n = 790) (n = 1426) (n = 73) (n = 730) (n = 107) (n = 179) (n = 1425) (n = 433) (n = 1370) (n = 1623) n % n % n % n % n % n % n % n % n % n % Day  137 17  624  44  53  73  394  54  35  33  132  74  1019  86 373  86  1177  86  1108  68   Evening/  night  19  2  38  3  1  1  23  3  12  11  4  2  22  2  3  1  29  2  50  3   Rotating  495 63  693  49  19  26  146  20  19  18  31  17  148  10  39  9  70  5  235  14   Other  121 15  71  5  0  163  22  40  37  9  5  234  16  16  4  94  7 work and other health outcomes such as cancer. Specifically, several studies examining relationships between shift work and breast cancer in women have observed an elevated breast cancer risk among long-term shift workers. 1, 40, 41 Earlier analysis of the prostate cancer case-control study that is the data source for this analysis found an association between 7 or fewer years of rotating shift work and prostate cancer risk, but no associations for longer durations, 42 while a 2012 Canadian study demonstrated an elevated risk of prostate cancer for each of three durations of shift work: less than 5 years, 5 to 10 years and 10 or more years. 43 In addition, recent results from Spain demonstrated nonsignificant increased risks of prostate cancer among both permanent and rotating night workers who had worked these shifts for 28 or more years. 44 No studies specifically examining relationships between shift work, obesity and cancer risk in a longitudinal context have been conducted. Several mechanisms through which shift work exposure could be associated with obesity have been suggested, mainly revolving around circadian disruption. For example, metabolic efficiency is different depending on the time of day at which food is consumed and thus, differences in meal timing among individuals working at night could be a mechanism through which shift work influences obesity. 45 Sleep disturbances may also influence metabolism, and several studies have demonstrated that sleep durations are generally shorter among individuals working at night.
2,18,46,47 While total energy intake was available in this study, the timing of meals and information concerning sleep patterns (such as duration) was not, thus the impact of these mechanisms could not be evaluated. 
Strengths and limitations
Strengths of this study include the population-based design allowing multiple patterns of shift work to be captured within a single population. Compared to previous studies conducted in single industries or workplaces that examined only one type of shift pattern, 7, 8, [10] [11] [12] [13] [14] [15] 17, 19, 20, 23, 24, 26, 27 this analysis demonstrated that relationships with obesity were stronger for rotating shift work patterns than permanent evening/night shift patterns. This analysis also considered the influence of several potential confounders of shift work-obesity relationships, an improvement over previous studies for which lack of appropriate consideration of possible confounders was identified as a limitation in a 2011 review. 28 Finally, this study used a lifetime occupational history to characterize shift work, a more comprehensive method of exposure assessment than many previous studies in which only an individual's current job or employment history with one company were considered. [7] [8] [9] [10] [11] [13] [14] [15] [16] [17] [19] [20] [21] [22] [23] [24] [25] 27 Despite these strengths, certain limitations of our study exist. Although the use of a population-based dataset allowed for a broader range of shift patterns (permanent evening/nights and rotating) to be captured within a single study than in most previous work, detailed information concerning shift characteristics (such as specific rotation patterns, the number of consecutive nights, forward vs. backward rotation pattern) was not available. Furthermore, for our analysis, evening and night shifts were considered together, as were all types of rotating shift patterns that could include either evening or night shifts. The importance of information concerning specific features of shift work in exposure assessment was emphasized by a 2009 IARC Working Group, 48 and more work that incorporates these shift work characteristics when examining relationships with obesity is needed in the future. If different shift types produce different levels of circadian disruption then the combining of shift types, as was done in our analysis, could produce residual confounding.
Long work hours have also been associated with risk of obesity; 49 however, data concerning this issue was not available in our study. In addition, although approximately 1500 men were included in this study, the proportion exposed to evening/ night shift work in each obesity group was relatively small (< 10%). Because of this small sample size, and particularly as we could not consider duration of this type of shift work, this study may have had limited power to detect real associations between permanent evening/night shift work and obesity. Future studies including a greater number of permanent evening/night shift workers will be better able to examine these relationships. In addition, there may be residual confounding by work environment if specific characteristics of certain work environments other than shift work are the true risk factors for obesity. However, given that the results of our study showing that rotating shift work increases the risk of obesity are consistent with previous work conducted in several different workplaces, 7, 17, 19, 20, 22, 27 it seems more likely that the observed shift workobesity relationship is real.
The use of self-reported heights and weights to assess BMI presents a risk of outcome misclassification, as overestimates of height and underestimates of weight in self-reported data can lead to underestimates of BMI. 50 BMI misclassification could have reduced the precision of estimates of associations between shift work and overweight and obesity, as truly overweight or obese participants could have been included in the normal weight group. However, the proportion of men classified as overweight or obese in our study (70.7%) is similar to proportion of overweight and obese men aged 45 years and over from northeastern Ontario health units (68.0%) measured by Statistics Canada in 2000. 51 Self-report was also used for measures of diet, as well as for general and occupational physical activity, such that all three of these measures could be affected to some extent by misclassification. However, given that these measures were used descriptively in the study population but were not included in multivariate models assessing shift work-obesity associations, any misclassification is unlikely to have influenced the observed relationships.
The relatively low response rate for controls in this data set (47.5%) also presents a possible selection bias, specifically if study participation was related to both shift work history and obesity status. However, the proportion of men with a history of shift work in our study (33%) is similar to the proportion of Canadians reported to be employed in shift work in the 2005 Statistics Canada Survey of Labour and Income Dynamics, 52 which could suggest shift work was not a major determinant of study participation. While one might suspect that the true proportion of shift workers in northeastern Ontario is higher than the national average, such that shift workers are underrepresented in our study population, given that study participation did not appear to be associated with obesity status, any association between shift work and study participation is unlikely to produce a true selection bias.
Finally, as this study was conducted among men who were almost exclusively Caucasian, 30 these results may not be generalizable to other population subgroups, such as women or men of other ethnicities.
Conclusion
This study demonstrated a positive association between rotating shift work and overweight and obesity and suggested a relationship for evening/night shift work. We also observed associations between increasing duration of rotating shift work and obesity, with the strongest associations for long-term rotating shift work. While a number of studies previous to this have supported a relationship between shift work and obesity, 4, 7, [13] [14] [15] [17] [18] [19] [20] 26, 27 additional population-based research like ours will further clarify whether some shift patterns have a greater influence on obesity than others. As shift work is a necessary component of many occupations, understanding which shift patterns are related to health outcomes such as obesity is necessary for the development of policies on the optimal organization of shifts for workers' health.
